In this paper, the reduced graphene oxide/polydopamine (RGO/PDA) nanocomposites are obtained via the reduction of GO nanosheets by dopamine, followed by simultaneous modify by PDA. Then Au nanoparticles (NPs) decorated RGO/PDA (RGO/PDA/Au) nanocatalyst was synthesized via in situ reduction. The obtained RGO/PDA/Au nanocatalyst is analyzed by transmission electron microscopy (TEM) and electrochemical measurements. It is found that RGO/PDA/Au nanocatalyst exhibits good electrochemical catalytic activity can be detect AA, DA and UA individual and simultaneous. The detection limit of AA, DA and UA are 1.64 mM, 0.11 mM, 0.13 mM, respectively. The prepared RGO/PDA/Au nanocatalyst possesses a large surface area, unique biocompatibility and excellent conductivity will benefit for the electrocatalytic oxidation of AA, DA and UA.
INTRODUCTION
Clinical research has found that Dopamine (DA), ascorbic acid (AA), and uric acid (UA) coexist in human body. These substances play an important role in human life activities. The amount of these substances in the body has crucial effect on human health [1, 2, 3] . For example, the overdose of DA will result Schizophrenia and Parkinson's disease [4] . Irregular levels of UA may result hyperuricemia, pneumonia and gout [5] . So simultaneous determination of AA, DA, and UA have an obvious significance for human health. Recently, a variety of methods have been used to detect AA, DA, and UA. The electrochemical method has been used widely because of its simple, high sensitivity, and low cost. However, DA, AA, and UA are coexisted in the human body and the oxidation peaks potentials of three analytes are similar. So, it is remains enormous challenges whether can simultaneous detect three analytes.
Nnaomaterials have been extensively employed as electrode material in electrochemical sensor. Graphene is considered to be a highly-studied carbon allotrope, owing to its excellent electrical conductivity, large surface area and chemically stability [6] . Recently, graphene based derivatives can be obtained through the incorporation of various kinds of functional materials. The potential application of graphene-based materials for electrochemical sensor has attracted much attention. Polydopamine (PDA) can absorb onto the surface of graphene due to the PDA contain abundant positively charged sites. PDA modified graphene can effective prevent graphene from aggregating [7] . PDA can be obtained through self-polymerization of dopamine at weak alkaline pH [8] . Zhou et al reported that PDA can be aligned magnetic nanoparticles through self-polymerization of PDA [9] . Ruan et al reported a new PDA-GOD-GN biosensor and the fabricated sensor show good selectivity, high response sensitivity and stability [10] . Ren et al prepared that stable dispersion of PDA-modified RGO composites can use as a good substrate material for loading metal NPs [11] .
In this paper, Au nanoparticles decorated on RGO/PDA was prepared via in situ reduction method. The prepared nanocatalyst was characterized by X-ray diffraction (XRD) and transmission electron microscopy (TEM). Then the RGO/PDA/Au was used to assemble the electrochemical sensor for the simultaneous determination of AA, DA and UA. The as-prepared sensor shows simultaneous detection of AA, DA, and UA. Also, there is good peak separation between peaks due to the excellent electrocatalytic properties of the RGO/PDA/Au nanocatalyst.
EXPERIMENTAL

Materials
Graphite powder and dopamine hydrochloride (98%) were purchased from Alfa Aesar. Uric Acid (>99 %), ascorbic acid (>99 %), HAuCl4 (99.99%, wt.%), and NaBH4 are received from Shanghai Chemical Reagent Co. Ltd (Shanghai, China). Other chemicals used in this experiment were of analytical grade and were used without further purification. Ultra-pure water is obtained with a Milli-Q plus water purification system (Millipore Co. Ltd., USA) (18 M).
Apparatus
The RGO/PDA/Au nanohybrids were characterized by transmission electron microscope (TEM, JEM-2100). The crystal structure of the products was analyzed by a X'Pert 3 powder diffractometer (PANAlytical Company). Cyclic voltammogram (CV) and differential pulse voltammogram (DPV) measurements were performed on a CHI 660E electrochemical analyzer (CHI, Shanghai). A three-electrode setup was employed, a bare glassy carbon electrode (GCE, 3 mm diameter), a Ag/AgCl electrode and a platinum wire electrode.
Preparation of RGO/PDA hybrid nanocomposites
Graphene oxide (GO) was obtained by oxidation of natural graphite powder according to a Hummers method [12, 13] . The PDA decorated reduced GO (RGO) were prepared by our reported method before [14] . 60 mg GO was dispersed in 80 mL of ultra-pure water by ultrasonication. 40 mg of dopamine hydrochloride was put into the above GO dispersion. The obtained solutions were ultrasonicated for 30 min at room ambient. Then the pH of obtained suspension solutions was adjusted to weak alkaline by adding 40 mL Tris-HCl solution (12.5 mM, pH =8.5). Meantime, the selfpolymerization of dopamine was induced with vigorous stirring at 80℃ and the reaction was keep for 24 h. The obtained mixture was centrifuged, washed with ultra-pure water. Then, 0.6 mL of 0.1 mol L -1 fresh ice-cold NaBH4 solution was slowly added into above mixture [11] .
Preparation of Au naoparticles decorated on RGO
Finally, the resulted solutions were centrifuged, washed with ethanol and ultra-pure water.
RESULT AND DISCUSSION
Characterization
The morphology of the RGO/PDA/Au nanocatalyst was characterized by TEM. The TEM image of the nanocatalyst is shown in Figure 1 , the Au NPs with certain aggregation disperse evenly on the surface of RGO/PDA. RGO/PDA nanocomposites in RGO/PDA/Au nanohybrid seem to be lamellar and transparent morphology. The crystalline structures of the RGO/PDA/Au nanohybrids were determined by XRD nanalysis, as show in Figure 2 . The RGO/PDA nanocomposites shows a wide diffraction peak at 2θ=26.8°, corresponding to the (002) plane of RGO [15] . The pattern of RGO/PDA/Au nanocatalyst showed diffractions peak at 2θ=38.2°, 44.6°, 64.8°, 77.7° and 81.9°, which are related to the (111), (200), (220), (311) and (222) of lattice planes of Au NPs [16] . The results further indicate the successful formation of RGO/PDA/Au nanohybrids. CV is the effective and convenient technique for probing the electronic transfer program of the modified electrode [17] . As shown in Figure. 3A , the RGO/GCE shows two very broad redox peaks (curve a). The RGO/PDA/GCE ( Figure. 3A, curve b) exhibites larger peak current response than the RGO modified GCE. The peak current of RGO/PDA/GCE is about 2.4 times of RGO/GCE. That maybe due to the RGO/PDA nanocomposites can effectively increase the conductivity of electrode to accelerate the electron-transfer. When RGO/PDA/Au nanocatalyst modified on the electrode, an increased redox peaks current ( Figure. 3A, curve c) is obtained. That will due to the Au NPs possess excellent conductivity, large specific surface area, and biocompatibility.
An electrochemical impedance spectroscopy (EIS) is used to characterize the electrochemical impedance changes of different modified electrodes at the electrode surface [18] . As shown in Figure  3B 
Electrochemical behaviors of AA, DA and UA on modified electrodes
CVs of AA, DA and UA on different nanomaterials modified electrodes were recorded in Figure 4A . For bare electrode, the oxidation peaks of AA and DA are overlapped seriously (curve a). Also the oxidation peaks are wide and close on RGO modified electrode (curve b). The oxidation peak of AA was indistinguishable indicating the infeasibility of the simultaneous determination of AA, DA, UA at RGO/PDA/GCE (curve c). However, for the RGO/PDA/Au/GCE, the oxidation peaks of AA, DA and UA are well separated and a higher current appeared compared with RGO/PDA/GCE, RGO/GCE and bare GCE. The oxidation peaks of AA, DA and UA located at -0.01, 0.15 and 0.27 V, respectively. The three oxidation peaks are well separated. Furthermore, a remarkable increase in each peak current was observed at the RGO/PDA/Au modified GCE. This fact shows that the simultaneous determination of AA, DA, and UA could be achieved at RGO/PDA/Au/GCE. The reasons may be due to the synergic effect of RGO, PDA and Au NPs to facilitate the discrimination of AA, DA, and UA, the modified electrode displayed excellent catalytic activity and selectivity toward the oxidation of AA, DA, and UA [19, 20] . Figure 4B shows the DPV response of RGO/PDA/Au modified electrode in PBS containing 1.43 mM AA, 0.07 mM DA and 0.29 mM UA. Three oxidation peaks of AA, DA and UA located at -0.04, 0.13 and 0.25 V can be observed. The peak separations for AA-DA are 0.17 V, DA-UA are 0.12 V, respectively. The results futher prove that simultaneous determination of AA, DA, and UA can be achieved at RGO/PDA/Au/GCE. 
Effect of scan rate
Individual determination of AA, DA and UA on RGO/PDA/Au nanocatalyst
The individual determination of AA, DA and UA at the RGO/PDA/Au/GCE are performed by differential pulse voltammetry (DPV) experiment. Only concentration of target analyte was increased while the concentrations of the other two species were kept constant in PBS. As shown in Figure 6 , the electrochemical response of AA, DA and UA increase linearly with the increase of the target analyte concentrations. And the oxidation peaks potentials of AA, DA and UA are -0.03, 0. 16 mM, 0.11 mM, 0.13 mM (S/N=3) for AA, DA and UA, respectively. The results prove that the fabricated RGO/PDA/Au/GCE sensor with good electrocatalytic activitycan be used to individual and simultaneous determination of AA, DA and UA. That will be contributed to the PDA successfully functionalized graphene. RGO/PDA nanocomposites possess a large surface area can adsorb high density of Au NPs. Au NPs possess unique biocompatibility and excellent conductivity can absorb a large amount of molecules on the Au NPs active centers. That will benefit for the electrocatalytic oxidation of AA, DA and UA [21] .
CONCLUSION
In summary, Au NPs decorated RGO/PDA nanocomposites were obtained by a simple and green method. Then the electrochemical sensor was fabricated for determination of AA, DA, and UA based on RGO/PDA/Au/GCE. The fabricated sensor not only detected individually but also well separated each other while detecting simultaneously three compounds. The detection limit of AA, DA and UA are 1.64 mM, 0.11 mM, 0.13 mM, respectively. The results further prove that the prepared RGO/PDA/Au nanocatalyst possesses an excellent electrocatalytic oxidation of AA, DA and UA. This work may provide a valuable clue for the use of graphene based nanomaterials to detect electroactive biomolecules.
